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The paper pulp industry is facing an increasing pressure to replace the conventional 
pulp bleaching techniques, using chlorine-based chemicals, with more environmentally 
sound ones. Enzymes offer an environmentally benign and efficient alternative to 
chemical reagents in many industrial applications, including pulp and paper 
manufacture. Lipases (pitch control) and xylanases (bleaching) were introduced in the 
mill several years ago. Lignin-degrading oxidoreductases offer additional benefits for 
pulp bleaching because they act directly on lignin, and also have high potential for pitch 
control because they act over a wide range of lipophilic compounds by a recently 
described oxidative mechanism (Gutiérrez et al., 2009). 
 
Laccases constitute a group of oxidoreductases that has been object of high interest for 
the development of environmentally-sound technologies. The direct action of laccases 
on lignin is in principle restricted to the phenolic units that only represent a small 
percentage of the total polymer, a fact that limits its biotechnological application for 
paper pulp delignification. However, the interest on laccases as industrial biocatalysts 
steadily increased after discovering the effect of some synthetic compounds, including 
2,2’-azinobis(3-ethylbenzothiazoline-6-sulphonic acic) (ABTS)  and 1-hydroxybenzo-
triazole (HBT), that expand the action of laccase to non-phenolic substrates increasing 
their potential in degradation of lignin and other aromatic compounds. Since then, a 
variety of studies have confirmed the potential of the so-called laccase-mediator system 
for bleaching different pulp types. On the other hand, it was reported recently the high 
efficiency of the laccase-mediator system for the removal of lipophilic extractives 
regardless the pulping process and the raw material used (Gutiérrez et al., 2006a; 2006b; 
Molina et al., 2008; Valls et al., 2009) and a patent application was filed (Gutiérrez et 
al., 2008). However, the cost, safety and environmental profile of some of the synthetic 
mediators included in most of the above studies make it difficult to implement laccase-
mediator systems in pulp bleaching at industrial scale. Recently, several natural phenols 
related to lignin, have been investigated as laccase mediators for pulp bleaching 
(Camarero et al., 2007; Fillat et al., 2010) and removal of lipophilic extractives from 
pulp (Gutiérrez et al., 2007).  
The present paper provides evidence of the feasibility of using a commercial laccase, 
and two natural phenols, namely methyl syringate and syringaldehyde, with a suitable 
redox potential as mediators, for removing lignin and lipids from paper pulp. The 
enzyme used is the thermostable laccase from the ascomycete Myceliophthora 
thermophila, which has been cloned, expressed in Aspergillus oryzae, biochemically 
characterized, improved for different applications, and commercialized. This work 
shows that, after alkaline peroxide extraction, the properties (brightness and kappa 
number) of the enzymatically-treated pulps improved with respect to the control. On the 
other hand, removal of the main lipophilic extractives present in eucalypt pulp, such as 
free and conjugated sterols, was observed after the laccase-mediator treatments. Finally, 
the doses of both M. thermophila laccase and methyl syringate were reduced, and 
results compatible with industrial implementation were obtained, taking also advantage 
from the high-yield production of the recombinant enzyme that enables its commercial 
availability as a low-cost biological additive. 
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